Background : Breath acetone is reported to be a noninvasive biomarker for heart failure. However, the measurement of this metabolite requires expertize and is not standardized yet. Acetone is also released from the skin ; thus, measuring acetone as a skin gas may be easier than breath analysis. Methods : We analyzed skin acetone collected from 41 hospitalized patients with cardiovascular diseases. Passive samplers were used to measure skin acetone emission. Passive sampler was softly fixed on the surface of forearm skin for 10 hour at night. Results : Skin acetone emission ranged from 0.00 to 2.70 ng/cm 2 /h, and was significantly correlated with blood ketone bodies (r = 0.377, p = 0.017). Conclusions : This is the first study to analyze skin gas in patients with cardiovascular diseases. Skin acetone emission was found to reflect blood ketone bodies. It is feasible to measure skin acetone emission for reflecting blood ketone bodies in patients with cardiovascular diseases.
Introduction
The ketone body is an important fuel source for the heart in heart failure 1) . Blood ketone bodies are correlated with heart failure 2) . Acetone is a volatile component of the ketone bodies and detected in the human breath. Breath acetone concentration has been proposed as a useful noninvasive biomarker for cardiovascular diseases 3 -7) . However, the measurement of this metabolite requires expertise and is not standardized yet. Acetone in the body is not only released via the mouth, but also from the skin. Therefore, the measurement of acetone as a skin gas may be easier than breath analysis because skin gas collection is simple.
Skin gas emission has been reported to be easily measured by the use of a passive sampler 8) . However, the feasibility of skin acetone measurement in patients with cardiovascular diseases has not yet been investigated. Therefore, we investigated the feasibility of skin gas emission in patients with cardiovascular diseases.
Methods
This study prospectively included 41 patients who were hospitalized between September 2016 and March 2017 in Fukushima Medical University Hospital. Baseline data of sex, age, body mass index, diagnosis, past medical history, and current medication were collected at the time of enrollment in this study. The study protocol was approved by the institutional ethics committee of Fukushima Medical University. Written informed consent was provided by all patients.
Skin gas analysis and blood sampling
All patients were receiving a hospital diet with an average total energy count of 1,400 to 1,950 kcal/ day. A passive sampler (GASTEC Co., Kanagawa, Japan, Figure 1A ) consisting of a trapping filter, a polyethylenetereohthalate dish, and a stopper (Fig-Feasibility of skin acetone analysis in cardiovascular diseases ure 1B) was used to sample skin acetone emission. The sampler was softly fixed on the surface of the right or left forearm skin using a band, and was left there for 10 hours overnight ( Figure 1C ). All patients were in a fasting state during sampling. After sampling, the samplers were collected and kept at 4 degrees until use. The passive samplers were analyzed according to the manufacture's instruction in a blinded manner. The skin acetone analysis by a passive sampler was established by a previous study 8) . Blood sampling of total ketone bodies were analyzed on the same day as the skin acetone analysis in a fasting state.
Statistical analysis
Data were analyzed using the Statistical Package for Social Sciences version 24 (SPSS Inc., Chicago, IL, USA). Quantitative data are expressed as mean ± SD, and median and interquartile range. The statistical significance of differences was analyzed using Students' t -test for parametric continuous variables, and the Mann -Whitney U -test for nonparametric continuous variables. Correlation between skin acetone emission and blood total ketone bodies was analyzed using Spearman's correlation analysis. Values of P < 0.05 were considered statistically significant.
Results
The study population was as follows : 12 patients with myocardial infarction ; six with pulmonary hypertension ; five with cardiomyopathy ; five with arrhythmia ; five with valvular heart disease ; four with angina pectoris ; two with acute decompensated heart failure, one with congenital heart disease, and one with acute myocarditis.
In the study population (n = 41), the mean age was 65 ± 13 years. 25 patients was male. The mean body mass index was 19 ± 4 kg/m 2 . 21 patients had hypertension, 13 patients had diabetes mellitus, and 30 patients had dyslipidemia. The mean estimated glomerular filtration rate was 59 ± 26 mL/min/1.73 m 2 . The median (interquartile range) level of brain natriuretic peptide was 66 (28 -192) pg/mL, and the median (interquartile range) level of total ketone bodies was 90 (38 -203) μmL/ L. The mean left ventricular ejection fraction was 18 patients had β -blocker. We were able to measure skin acetone emission in all patients, the median of which was 0.05 ng/cm 2 / h, ranging from 0.00 to 2.70 ng/cm 2 /h (Figure 2A ). Skin acetone emission was significantly correlated with blood total ketone bodies (r = 0.377, p = 0.017, Figure 2B ).
Discussion
The present study is the first to measure skin acetone emission in patients with cardiovascular diseases. We found that skin acetone emission was significantly correlated with blood total ketone bodies in patients with cardiovascular diseases.
Breath analysis is a noninvasive tool and has been tested in patients with cardiovascular diseases 3 -5) . However, there is currently no standardized method for breath sampling 9) . There are different methods including type of sampling (total, or alveolar), sampling duration, breath hold, and type of collection bag 10) . Thus, the repeatability and reproducibility of breath analysis are sometimes questionable. An alternative biogas analysis is skin gas examination. Skin gas sampling by a passive sampler is a simpler method than breath sampling, and is easy to perform because the method only requires fixing a passive sampler to the skin of the patient for several hours.
We demonstrated in the present study that it is feasible to measure skin gas emission for reflecting blood ketone bodies in patients with cardiovascular diseases. Skin acetone seems to be generated from a capillary vessel through skin because acetone is a volatile component of ketone bodies in the blood. Ketone body is known to be the fuel of the failing heart 1) . Since elevation of blood ketone bodies is associated with decompensation or severity of heart failure, skin acetone emission might be a non -invasive marker of heart failure 2) . Blood ketone bodies requires routine blood collection, which can accompanied by pain and may cause several complications such as nerve injury. Development of less invasive examination is needed. Skin acetone analysis is superior to blood ketone body collection because of its non -invasive method.
The correlation between skin acetone emission and blood total ketone bodies was significant, however, the correlation coefficient was 0.377. So, the skin acetone emission could not directly reflect blood total ketone bodies. The number of sweat gland and skin moisture might affect skin acetone emission. Mechanical reasons such as a fail in long -term contact of the device to skin and reproducibility of the measurements could also be other reasons for the low correlation coefficient.
A limitation of the current study is its small sample size. Because of the small sample size, we were unable to clarify any significant analysis between specific cardiovascular diseases including heart failure, and brain natriuretic peptide, and skin acetone emission. A larger study is required to establish the significance of skin acetone emission in patients with cardiovascular diseases.
In conclusion, in the current study we found that, in patients with cardiovascular diseases, skin acetone emission measurement is feasible to reflect blood total ketone bodies.
